**Core tip:** Paracetamol is a widely used anti-pyretic that has long been established to cause liver toxicity once above therapeutic levels. Given the increased prevalence of combination medications in the form of pain relievers and antihistamines, paracetamol can be difficult to identify and remains a significant cause of acute hepatotoxicity globally. This is especially concerning given that, when co-ingested with other medications, the rise in serum paracetamol levels may be delayed and alter medical management. This review serves to describe the clinical and pathophysiologic features of hepatotoxicity secondary to paracetamol and provide an update on current available knowledge and treatment options.

INTRODUCTION
============

Acute liver failure consists of severe liver dysfunction, as evidenced by coagulopathy, jaundice, and encephalopathy, usually in the absence of underlying liver disease\[[@B1]\]. The incidence of acute liver failure (also termed fulminant hepatic failure) is roughly 10 per one million people annually in developed countries\[[@B1]\] with over 2000 cases in the United States diagnosed each year\[[@B2]\]. While viral hepatitis is among the most common cause of acute liver failure worldwide\[[@B1]\], drug-induced liver injury (DILI) is another culprit of liver damage. Half of all cases of acute liver injury in the United States result from DILI\[[@B3]\]. Paracetamol, also known as acetaminophen, is a widely used anti-pyretic that has known liver toxicity once above therapeutic levels in the blood\[[@B4]\]. In fact, paracetamol is the most common cause of DILI in the United States\[[@B5]\]. Given its ease of access as an over-the-counter medication, the United States Food and Drug Administration had stated it is safe to consume up to a maximum dose of 4000 mg within 24 h\[[@B6],[@B7]\] while experts recommend a dose of 2000 mg or less in patients with existing liver disease or with chronic alcohol use\[[@B8]-[@B10]\]. Alternatively, dosing guidelines from drug inserts in European countries recommends maximum of a 3000 mg of paracetamol in older adults either \< 50 kg or in those \> 50 kg with additional risk factors for hepatotoxicity\[[@B11],[@B12]\]. However, toxicity from paracetamol has recently become more challenging to rapidly identify given the increased use of combination medications, such as over-the-counter cold medicine or prescription pain relievers, that also contain paracetamol. In addition, toxic ingestions with these medications or in combination with alcohol may have a delayed presentation of hepatotoxicity\[[@B13]-[@B15]\]. Previously, only limited data on the mechanism and outlook of patients with acute liver injury existed. Because acute liver failure was poorly studied and understood, centralized data registries, such as the United States Acute Liver Failure Study Group, were formed to improve detection and patient outcomes. Additionally, the United States Drug-Induced Liver Injury Network was formed with the goal of creating a centralized registry for all acute liver failure cases that result from the use of prescriptions, over-the-counters, and herbal medications\[[@B16]\]. Our aim is to describe the clinical and pathophysiologic features of hepatotoxicity secondary to paracetamol and provide an update on current available knowledge and treatment options.

PATHOPHYSIOLOGY
===============

Paracetamol was first developed in 1878 from phenacetin and became widespread in the 1950s as an over-the-counter antipyretic and analgesic. Since that time, there have been numerous studies connecting paracetamol ingestion with liver injury in a dose-dependent fashion. These effects are compounded in the setting of concomitant alcohol abuse, starvation ketosis or concurrent infections. Hepatocytes metabolize paracetamol *via* microsomal cytochrome P450 (CYP450) into non-toxic byproducts. This metabolism pathway *via* CYP450, specifically cytochrome P450 2E1 (CYP2E1), produces reactive oxygen species\[[@B17]\], originally thought to be the ultimate cause of liver injury in paracetamol overdose. After recent debunking\[[@B18]-[@B20]\] of that long-standing belief, mitochondrial dysfunction has instead been attributed as the main source of free radicals and oxidative stress in paracetamol hepatotoxicity\[[@B21]\]. Mitochondrial dysfunction begins with the formation of drug-protein adducts between the reactive paracetamol metabolite, N-acetyl-p-benzoquinone imine (NAPQI), and mitochondrial proteins involved in the electron transport chain\[[@B22],[@B23]\]. Additionally, increased activity of mitochondrial complex I, a known site of free radical generation\[[@B24]\], occurs with paracetamol overdose, and the level of activity was found to correlate with the degree of liver injury\[[@B23]\]. Oxidative stress induced by paracetamol overdose is mainly attributed to mitochondrial superoxide and peroxynitrite\[[@B24]\]. The superoxide reacts with nitric oxide to form the highly reactive peroxynitrite species that is main source of oxidative and nitrosative stress\[[@B24]\].

Paracetamol has high bioavailability, with almost 80% of the drug being absorbed when taken orally\[[@B25]\]. In individuals without liver injury, the half-life of paracetamol is roughly 2-3 h\[[@B26]\]. At therapeutic levels in the blood, approximately 90% of paracetamol is broken down into non-toxic metabolites through sulfidation and glucuronidation pathways and then renally excreted\[[@B27]\]. However, at overdose levels, these pathways become saturated, resulting in large amounts of paracetamol being converted by CYP450 into its toxic metabolite, NAPQI\[[@B28]\]. NAPQI is subsequently excreted after glutathione conjugation renders it to harmless metabolites, as shown in Figure [1](#F1){ref-type="fig"}. Glutathione peroxidase activity is reduced by 60% in the setting of paracetamol\[[@B29]\]. This is dose-dependent, with larger amounts of paracetamol resulting in prolonged depletion of glutathione\[[@B21]\]. This reduction of glutathione in the mitochondria and cell cytosol results in decreased excretion of reactive oxygen species and peroxynitrite\[[@B30]\]. Additionally, without glutathione, oxidative stress activates the opening of mitochondrial permeability transition pores that results in the destruction of the membrane potential and halts ATP synthesis\[[@B21],[@B30]\]. Ultimately, this results in the breakdown of DNA and cell membranes and the induction of apoptosis, resulting in cell death and acute inflammation\[[@B30]\].

![Paracetamol metabolism pathways and breakdown into N-acetyl-p-benzoquinone imine, by cytochrome P450 2E1. N-acetyl-p-benzoquinone imine is the toxic metabolite produced from paracetamol metabolism when the other two conjugation pathways become over-saturated. The resultant toxic N-acetyl-p-benzoquinone imine byproduct is converted into nontoxic metabolites by glutathione, which is regenerated by N-acetylcysteine. NAPQI: N-acetyl-p-benzoquinone imine; CYP2E1: Cytochrome P450 2E1; NAC: N-acetylcysteine.](WJH-12-125-g001){#F1}

CLINICAL PRESENTATION
=====================

In the United States, paracetamol is the one of the most widely used over-the-counter analgesics. According to the Third National Health and Nutrition Examination Survey from 1988-1994, 36% of Americans reported using acetaminophen within a month timeframe\[[@B31]\]. Due to its ease of access and availability in combination with other medications, such as opioids and antihistamines, paracetamol overdose can be accidental or in a suicide attempt. A thorough history and early recognition is key since long delays to the administration of treatment can result in worse outcomes for paracetamol-related hepatotoxicity. Depending on the severity of the liver damage, patients can present with a range of symptoms, from being initially asymptomatic to having overt signs of liver failure, including jaundice, confusion, ascites, nausea and vomiting.

Acute liver failure is defined by the presence of hepatic encephalopathy, jaundice and coagulopathy in individuals without any history of cirrhosis occurring for less than 26 wk\[[@B32]\]. This includes individuals with Wilson disease, autoimmune hepatitis or viral hepatitis as long as the disease was diagnosed within the last 26 wk\[[@B32]\]. An exclusion is severe alcoholic hepatitis, as this is likely accompanied with a history of prolonged alcohol abuse, resulting in chronicity of the liver injury.

There are four phases of acute paracetamol toxicity: Preclinical, hepatic injury, hepatic failure, and recovery\[[@B33]\]. Phase one, or the preclinical phase, occurs shortly after ingestion of toxic levels of paracetamol and can last 12-24 h. Non-specific symptoms such as nausea, vomiting, diaphoresis or lethargy may be seen. One to two days following the ingestion, the second phase begins, as evidenced by hepatotoxicity in laboratory values \[elevation in hepatic enzymes, lactate, international normalized ratio (INR)\]\[[@B33],[@B34]\]. Clinically, right upper quadrant abdominal pain may be present. In some cases, liver injury will progress to phase three, typically occurring at days three to five. Here, nausea and vomiting may recur or worsen and are accompanied with fatigue, jaundice, and central nervous system depression, varying from confusion to a coma\[[@B33]\]. Elevation in liver aminotransferases as high as 10000 IU/L can be seen\[[@B35]\]. The resultant hepatic necrosis and failure can be fatal and associated with multiorgan failure\[[@B33],[@B34]\]. Lastly, phase four is recovery with normalization of laboratory values; roughly 70% of patients will fully recover, while 1%-2% will die from hepatic failure\[[@B33]\]. Death from untreated paracetamol toxicity occurs 4 to 18 days later\[[@B33]\].

Laboratory findings
-------------------

Initial laboratory testing in acute liver failure will reveal prolonged prothrombin time, INR greater than 1.5, elevated aminotransferase and bilirubin levels, thrombocytopenia, electrolyte abnormalities, elevated ammonia levels and acid-base disturbances. Typically, aminotransferase levels are in the thousands in cases of paracetamol-induced acute liver failure. Paracetamol levels should always be drawn in acute liver injury cases. Since the time of ingestion is not always known, such as in accidental overdose, absent or low levels of paracetamol should not exclude paracetamol-induced liver injury in those cases where it is suspected. Laboratory variables most indicative of patient outcome were the peak bilirubin and prothrombin time levels with bilirubin directly correlated to survival\[[@B36]\].

Liver biopsy is not routinely performed in the diagnosis of acute liver failure as it is associated with a high risk of bleeding and mortality. In addition, in prior studies assessing the role and accuracy of liver biopsy in acute liver failure, the diagnosis changed in 18% of cases; there was no report on whether biopsy information altered the clinical course or treatment\[[@B37]\]. In fact, the American Gastroenterological Association "suggests against routine use of liver biopsy" in the workup of acute liver failure\[[@B37]\].

HEPATOTOXICITY RISK FACTORS
===========================

The dose of ingestion as well as the time span between ingestion of paracetamol and of the treatment drug N-acetylcysteine (NAC) are the most influential factors in the manifestation and severity of paracetamol hepatotoxicity\[[@B4],[@B38]-[@B40]\]. While acute liver injury can occur when used at or below the recommended daily maximum dose (4000 mg)\[[@B4]\], paracetamol toxicity is often the result of ingestion of paracetamol over this maximum dose. In fact, the maximum daily dosage has been a topic of controversy, with some manufacturers voluntarily lowering this recommended threshold on their products in order to increase the safety of patients\[[@B41],[@B42]\].

Beyond exceeding the recommended daily dose, the risk for liver injury increases when paracetamol is used in combination with other drugs and substances, such as alcohol. The interplay between paracetamol and alcohol is an interesting one, because these compounds are competitive substrates for CYP2E1, which reduces the production of the reactive NAPQI species generated in paracetamol metabolism; as a result, acute alcohol ingestion may in fact act as a protective mechanism against paracetamol hepatotoxicity\[[@B43]-[@B46]\]. On the other hand, paracetamol hepatotoxicity is augmented with chronic alcohol consumption through the up-regulation and increased synthesis and activity of CYP2E1 as well as the decreased production of glutathione; these activities result in enhanced liver necrosis and an exacerbated prognosis\[[@B43],[@B46]\]. While the risk of liver failure may be increased in the case of chronic alcoholism in combination with paracetamol overdose, alcoholism does not necessarily increase the risk of paracetamol hepatotoxicity when in combination with therapeutic doses\[[@B43]\]. Beyond alcohol, there are various prescribed and over-the-counter medications that can predispose a patient to paracetamol hepatotoxicity, including opioids, anti-tuberculosis drugs\[[@B47]\], and anti-epileptic drugs as well as herbs and dietary supplements, such as St. John's wort, garlic and germander, through their effects on CYP450 metabolism (Table [1](#T1){ref-type="table"})\[[@B7]\].

###### 

Drugs and substances that affect cytochrome P450 2E1 activity and can interfere with paracetamol metabolism

  **Cytochrome P450**   **Inducers**   **Inhibitors**
  --------------------- -------------- ----------------
  CYP2E1                Ethanol        Disulfram
  Isoniazid                            
  St. John's wort                      
  Garlic, Germander                    

CYP2E1: Cytochrome P450 2E1.

The risk for paracetamol hepatotoxicity is increased in patients with malnutrition, as glutathione stores are depleted and no longer available for conjugation with the reactive NAPQI species\[[@B48]\]. Individuals at a particular risk for poor nutritional status include those with chronic alcoholism\[[@B48]\], and while patients with anorexia nervosa are malnourished and have low glutathione reserves, they also have reduced CYP2E1 activity, which in fact does not exacerbate the risk of paracetamol toxicity in this subset of malnourished patients\[[@B49]\]. Age also impacts hepatotoxicity risk, with advanced age (over 40 years old) being associated with a higher risk of acute liver failure, liver transplantation, and death from paracetamol overdose\[[@B50]\]. The metabolism of paracetamol appears to be dependent on age\[[@B51]\], and paracetamol use alone and in combination with opiates is widespread among advanced-age adults for treatment of chronic pain or cancer. Chronic liver disease patients are also at increased risk for hepatotoxicity, as paracetamol metabolism is decreased in patients with cirrhotic livers. While there is no evidence suggesting pregnancy as a predisposing risk factor for paracetamol toxicity\[[@B7]\], the use of paracetamol during pregnancy should be carefully monitored, since paracetamol is the most common overdose during pregnancy, and toxicity in such cases can results in significant morbidity and mortality for both the fetus and mother\[[@B52]\].

The aforementioned confounding factors that influence the development and acuteness of liver injury are summarized in the flowchart in Figure [2](#F2){ref-type="fig"}.

![Factors that pre-dispose patients to increased paracetamol toxicity.](WJH-12-125-g002){#F2}

PROGNOSTICATION
===============

While the extent of liver injury has been found to be dose dependent, there are a few possible risk factors for DILI. One study has found that men and younger age was associated with an increased risk in hepatocellular damage\[[@B53]\]. Traditionally, there are a few scoring systems available to prognosticate those with acute liver failure though none are considered gold standard criteria. The King's College liver failure criteria\[[@B36]\] uses serum laboratory values to determine the prognosis of DILI and tested these prognostications by retrospectively analyzing those patients that had to undergo liver transplantation. The Roussel Uclaf Causality Assessment Method\[[@B54]\] is a sensitive test but difficult to perform based on its complicated system. The Roussel Uclaf Causality Assessment Method score is based off of seven measures that include the time of DILI onset, concomitant risk factors or drug use, non-drug related liver injury, the patient's clinical course, prior liver injury toxicity and the response to re-challenge of the drug\[[@B54]\]. A modification to this is the Digestive Disease Week-Japan scale\[[@B55]\], which adds the lymphocyte stimulation test. Prior to transplantation, the finding of jaundice in DILI patients was associated with a poor prognosis with over 10% mortality prior to liver transplantation for paracetamol-induced liver injury\[[@B56]\]. This prognostic finding of hepatocellular injury significant enough to alter bilirubin excretion (with elevations greater than two times the upper limit of normal) is referred to as "Hy's Law Cases"\[[@B56]\].

Patient outcomes are dependent upon what phase of paracetamol poisoning that treatment is initiated in. If the antidote is given during phase one (in cases where medical history reveals a suspicion of paracetamol overdose), patients are expected to fully recover with only a transient period of liver injury\[[@B57],[@B58]\]. In fact, the administration of N-acetylcysteine will prevent most patients from progressing past phase two of hepatic injury\[[@B34]\]. Additionally, the presence of other organ involvement, such as altered mental status or acute renal failure portends a worse prognosis and is often an indication for monitoring the patient in a critical care setting\[[@B59]\].

TREATMENT
=========

Early initiation of treatment is critical immediately following recognition of DILI. The Rumack-Matthew nomogram is a tool that uses serum paracetamol levels at a specific time point in the overdose, typically measured between 4- and 24-hours post-ingestion, to predict the risk of hepatotoxicity and guide medical management\[[@B60],[@B61]\]. If the paracetamol level is above a certain cutoff, also called the "treatment line" that typically starts at 150 µg/mL at 4 h and extends to 4.7 µg/mL at 24 h, then treatment is indicated\[[@B62],[@B63]\] (outlined in Figure [3](#F3){ref-type="fig"}). If the time of ingestion is unknown but within 24 h, the earliest possible time of ingestion should be estimated and plotted on the nomogram to see if treatment with NAC should be initiated (*i.e*. if above the treatment line). The use of the nomogram should be avoided until 4 h or more after ingestion as the levels may be misleading during this timeframe from the point of acute ingestion and not be an accurate predictor of toxicity\[[@B64],[@B65]\]. Classically, the nomogram is used in conjunction with the patient's history and laboratory findings to determine medical management. If medication review reveals co-ingestion with opioids or anticholingeric medications, the post-ingestion level should be checked at 4 h and repeated at 6 h post-ingestion if the initial level falls below the treatment line to account for possible delay in maximum serum concentrations of paracetamol\[[@B13]\]. However, other aspects of the history such as the reported dose in paracetamol toxicity, can be used to predict patient outcomes. A prospective study demonstrated that individuals who had a reported overdose with 50 g of paracetamol had a 90% probability of being over the treatment value cutoff, suggesting that dosing can help rapidly identify individuals that need treatment immediately initiated\[[@B66]\].

![Flowchart depicting the management pathway for acute paracetamol overdose/ toxicity. ALT: Aminotransferase; AST: Aspartate aminotransferase.](WJH-12-125-g003){#F3}

Currently, the mainstay therapy is NAC, given intravenously as soon as the diagnosis of paracetamol hepatotoxicity is made. NAC acts by restoring glutathione levels that then allow for the removal of NAPQI from the body\[[@B67]\]. Specifically, NAC is hydrolyzed to cysteine, which in turns restores glutathione as well as provides thiol groups that react directly with NAPQI in the hepatocytes\[[@B57],[@B68]\]. Administration of NAC is the mainstay treatment and standard of care in paracetamol overdose, with the most benefit seen if initiated within the first 8 h from the time of paracetamol overdose\[[@B57],[@B58]\]. However, it has been shown that mortality is significantly decreased by the administration of NAC even up to 36 h after the toxic ingestion and that this cohort of patients is less likely to progress to grade III/IV hepatic coma after receiving treatment with NAC\[[@B69]\]. NAC is typically administered intravenously over three weight-based doses: The initial 150 mg/kg dose in the first 15-60 minutes, followed by 50 mg/kg over 4 h, and then 100 mg/kg over 16 h\[[@B60],[@B70]\]. In cases where NAC is administered orally, the typical dosing regimen is a loading dose of 140 mg/kg, subsequently followed by 70 mg/kg every 4 h until 18 doses are administered\[[@B60],[@B68]\]. After NAC dosing is complete, re-evaluation of the paracetamol level and liver function tests should be done to assess if repeat dosing is indicated. Dosing of NAC can be continued if the serum paracetamol level is above 10 µg/mL or if alanine aminotransferase (ALT) elevation persists, especially in the setting of acidosis, coagulopathy, acute kidney injury and hyperbilirubinemia as these patients have worse outcomes\[[@B71]\].

With opioid use being more prevalent, medication interactions that slow gut motility have important implications in paracetamol toxicity. Recent studies have shown that there are limitations to the Rumack-Matthew nomogram in predicting the risk of hepatotoxicity in the setting of combination medications due to a delay in the onset of symptoms and laboratory abnormalities\[[@B13]-[@B15]\]. In particular, paracetamol combined with antihistamines or opioids have been shown to have serum paracetamol levels below 150 µg at the 4-hour post-ingestion mark but would cross above the treatment threshold when levels were rechecked within the 24-hour period\[[@B13]\]. In fact, a United States prospective cohort study\[[@B14]\] showed that 6% of patients with an acute combination medication overdose of paracetamol with antihistamines or opioids had paracetamol levels that were initially low at the 4-hour time mark but were later found to be above the 150 µg/mL treatment threshold.

In conjunction with NAC therapy, activated charcoal has been proven to be beneficial in reducing the number of patients that develop toxic serum paracetamol levels\[[@B72]\] and has been shown to decrease the extent of liver injury, as evidenced through a reduction in serum transaminase levels and prothrombin time\[[@B72],[@B73]\]. Since the majority of paracetamol absorption in the gastrointestinal tract occurs within the first 4 h\[[@B40]\], activated charcoal is generally believed to be most beneficial if administered within that time period, as its mechanism of action is to interfere with paracetamol absorption. However, activated charcoal has been shown to provide some benefit even with later administration, suggesting an additional mechanism for improvement in hepatotoxicity\[[@B72]\].

Treatment updates and alternatives
----------------------------------

While the mechanism of toxicity in paracetamol overdose is thought to be due to glutathione depletion and subsequent buildup of harmful metabolites as previously mentioned, studies on the repletion of glutathione as a therapy option are few and in early stages but yielded positive results. In one animal study\[[@B74]\], both free and niosomal (or encapsulated) glutathione administered intravenously had been shown to reduce hepatotoxicity in paracetamol overdose with serum concentration at 150 mg/kg. This promising finding may represent an avenue for treatment in the future after further investigations are performed. An additional novel therapy is N-acetylcysteine amide (NACA), which is a variant of NAC with an amide in place of a carboxyl group, which in turn increases the compound's lipophilicity\[[@B75]\]. This allows NACA to more easily transverse cell membranes, meaning it is effective at lower doses when compared to NAC and potentially avoid some adverse side effects. NACA's therapeutic benefit is multifactorial: It acts as a precursor to glutathione, promotes intracellular metabolism of toxic compounds and is a free radical scavenger. In this study, NACA was dosed at 106 mg/kg every 12 h for a maximum of up to 72 h. With this dosing regimen, NACA was found to have increased survival in mice as well as improved ability to decrease damage from oxidation and paracetamol\[[@B75]\].

Additionally, recent research has explored the effectiveness of lower doses of NAC in the treatment of hepatotoxicity from paracetamol overdose. The study by Shen et al\[[@B76]\] demonstrated that NAC was still effective at an initial lower infusion rate (200 mg/kg over 9 h, or 23 mg/kg/h) followed by the third dose of the conventional treatment regimen. The lower initial infusion would allow for immediate treatment in suspected acute liver failure from overdose cases to prevent delay while awaiting serum paracetamol levels and liver function tests. This is beneficial as serious adverse events including hypersensitivity reactions, such as rashes to even anaphylaxis, can occur following high dose NAC infusions\[[@B58],[@B77],[@B78]\]. Furthermore, gastric lavage and molecular adsorbent recirculating system (MARS) are two other treatment options for paracetamol overdose. While gastric lavage is used for numerous types of drug overdose, its use for the treatment of paracetamol toxicity has fallen out of favor as there are more effective conventional treatments with better outcomes\[[@B79]\]. A study looking at the use of MARS in acute liver failure patients showed that this system could increase the removal of paracetamol and was associated with improved survival times when compared to current standard therapy alone\[[@B80]\].

CLINICAL OUTCOMES
=================

Outcomes of paracetamol overdose have been reported from numerous countries. A study from Australia reported over 440 deaths from paracetamol in combination with codeine from accidental overdose, with roughly 25% of these cases also involving other sedating medications, such as antihistamines\[[@B81]\]. While paracetamol has been the main cause of DILI in the United States and the England, it is less common in other European countries, such as Portugal and Germany, only making up roughly 10% of ALF cases according to the European Liver Transplant Registry (ELTR) database\[[@B82]\]. In part, this could be from the increased usage of paracetamol intake in the United States in comparison to European countries. A summary of clinical outcomes from paracetamol-induced acute liver failure can be found in Table [2](#T2){ref-type="table"}.

###### 

Outcomes of acute liver failure from paracetamol among selected countries

  **Country**                **Acute liver failure from paracetamol**        **Hepatic failure resulting in death or transplant**             **Concomitant medication use/ suicide attempts**
  -------------------------- ----------------------------------------------- ---------------------------------------------------------------- --------------------------------------------------------------
  Australia\[[@B81]\]        Not disclosed                                   Death in 8.8% of cases (39 deaths total)                         79% of cases with co-ingestion of opioids or benzodiazepines
  United Kingdom\[[@B83]\]   2163 cases (65% of total ALF cases)             Death in 36% of cases (778 deaths total), 147 transplant cases   Not disclosed
  United States\[[@B5]\]     120 cases (39% of total ALF cases)              Transplantation in 6% of cases, mortality in 27% of cases        44 cases (37%) were suicide attempts
  Portugal\[[@B84]\]         5 cases over 3 years (11% of total ALF cases)   1 liver transplant case                                          Not disclosed
  Germany\[[@B85]\]          10 cases (9.2% of total ALF cases)              3 liver transplant cases, 1 death                                Not disclosed

Recently, a multinational study, the Study of Acute Liver Transplantation (SALT)\[[@B86]\], identified cases where drug exposure, specifically nonsteroidal anti-inflammatory drugs (NSAIDs) and paracetamol, had led to acute liver failure and resultant registration for liver transplantation. Among all the individuals in the study, there was no significant difference in the development of acute liver failure in the setting of exposure to various NSAIDs with incidence of patients registered for liver transplantation in these cases being rare. In comparison, paracetamol was associated with a three-fold higher risk of being registered for liver transplantation from associated acute liver injury in non-overdose levels and a seven-fold higher in overdose levels of paracetamol exposure\[[@B86]\]. In a follow up study, Gulmez et al\[[@B87]\] analyzed all the cases of individuals on the transplant registry and identified those that had drug overdose with resultant liver failure. Of those, paracetamol was responsible for one-sixth of all cases, and paracetamol overdose was responsible for 97% of all drug overdoses associated with acute liver failure. In response to the findings of the SALT study, the EPIHAM study\[[@B88]\] was conducted to compare the risk of non-overdose levels of paracetamol versus NSAIDs resulting in admission for acute liver injury. However, the three-fold risk associated with paracetamol in transplantation registry was not seen for acute liver injury in this study\[[@B88]\].

Acute liver failure from paracetamol toxicity has a high mortality rate of 30% if there is no liver transplantation available\[[@B89],[@B90]\]. Among intentional and accidental overdose, the liver transplant-free survival rate was not found to significantly differ. Prognostic criteria, such as the King's College criteria, can be used to determine appropriate candidates for liver transplantation referral based on those with expected high mortality of over 80%\[[@B36],[@B91]\]. As previously mentioned, those with phase three liver injury and signs of progressive organ dysfunction, severe acidosis or multiorgan failure have a poor prognosis and should be referred for possible liver transplantation. Those patients that undergo liver transplantation due to paracetamol liver failure have good clinical outcomes, with a 5-year survival of over 70%\[[@B59]\].

CONCLUSION
==========

Paracetamol toxicity, albeit accidental or intentional overdose, is an ongoing global problem that continues to result in cases of hepatotoxicity, acute liver failure, and even irreversible liver injury necessitating liver transplantation. Given the increased prevalence of combination medications in the form of pain relievers and antihistamines, paracetamol remains a significant cause of acute hepatotoxicity, as evidenced by paracetamol contributing to over half of acute liver failure cases in the United States. This is especially concerning given that when co-ingested with other medications, the rise in serum paracetamol levels may be delayed past the 4-hour post-ingestion mark that is currently used to determine patients that require medical therapy. Current research is exploring the outcomes of paracetamol-related DILI cases and its relationship with liver transplantation as well as other treatment modalities.
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